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This paper explores the links between city competitiveness and air pollution and the business environment. Because competitive cities not only attract more productive firms, but also facilitate their business, the paper look at firm performance as a proxy for city competitiveness. It focuses on African firms, because this region is developing fast and experiencing increasing pollution levels and the effects of agglomeration economies. The analysis finds two interesting results. First, the negative association between air pollution and firm performance can be seen at lower than expected levels of pollution. Second, the effects of capacity agglomeration on labor productivity growth are stronger compared to other regions. These findings suggest that cities in this region should address pollution issues soon, as they continue to grow fast and pollution levels are becoming an increasing concern. This paper is a product of the Social, Urban, Rural and Resilience Global Practice. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted at nlozano@worldbank.org. GDP is growing, but also total factor productivity shows an average positive growth rates of just above 1% for the first time since the 1970s (Rodrik 2016) . 4 At the same time, air pollution has climbed to dangerous levels, increasing annual deaths by 36 percent between 1990 and 2013 (Roy 2016) . While some literature exists on the determinants of firm productivity for some African countries, to the best of our knowledge there is no comprehensive study that compares such determinants across regions, and none that links productivity at the firm level with air pollution measures for a sample of firms that spans all continents and regions. What are the key determinants of firm productivity in Africa and how do they compare to the rest of the world?
Are there any links between firm productivity and air pollution?
To shed light on these questions, we choose to focus on exploring the links between two sets of variables that may affect firm productivity: a group of business environment characteristics and air pollution. The business environment has been identified as one of the key factors that contribute to development (Stern 2002 , World Bank 2005 , World Bank 2010 . It provides the framework where firms interact, trade, and compete. It includes not only the basic 2 This paper aims to explore how air pollution affects city competitiveness, particularly for African cities. Although different alternatives to measure city competitiveness have been explored by the literature (see for example Porter (1990) , Faberberg (1996) , Boltho (1996) , World Bankl (2016)), we choose to look at firm productivity. Our decision is motivated by two arguments. First, firms that are more productive tend to locate in an environment where they can reach their maximum profit. They want to hire the best, most productive workers. They also want to have access to a good set of amenities and services. More productive firms will then cluster in more competitive cities. Second, cities that offer a good quality of life will be better positioned to attract firms and qualified workers. Since good quality of life and the standard of living are determined by the productivity of an economy, then productivity defines competitiveness (Porter, 2000, p.19) . Moreover, he also points out that cities cannot become more productive and competitive unless firms become more productive. High city GDP, employment, and productivity (the three measures of competitiveness highlighted by the World Bank Report, 2016) are actually a consequence of how well firms do. This close relationship between city performance and firm performance hints that looking at firm productivity is a good proxy for measuring city competitiveness.
3 legal structure, but also other city characteristics that can affect firms' performance, such as human capital or agglomeration economies. 5 The same firm in a different environment will probably experience different challenges that can affect its productivity levels and outcomes.
Air pollution has also been considered an important factor affecting workers and firms through two main channels. On the one hand, pollution levels can affect workers' health and productivity. Recent studies on the effects of air pollution on worker productivity have quantified the negative effects on different production sectors (Graff-Zivin and Neidell 2012, T. Chang, J. S. Graff-Zivin, et al. 2014 , T. Chang, J. Graff-Zivin, et al. 2016 , Adhvaryu, Kala and Nyshadham 2014 .
On the other hand, environmental regulations can impact firms' costs and influence their location. For example, studies such as Henderson (1974) and Kahn and Mansur, (2013) have shown that manufacturing firms cluster in areas where environmental regulations are not too strict. In developing countries, cities often limit such regulations, offering "pollution havens" that can attract major factories and contribute to development (Birdsall and Wheeler 1993 , Cole 2004 , Eskeland and Harrison 2003 , while exacerbating the negative consequences on the environment.
We build upon related work by Harrison, Lin and Xu (2014) , and Reyes, Robert and Xu (2017) . Harrison et al. (2014) use the World Bank Enterprise Survey data to provide evidence that key factors for improving African firm performance are political competition, infrastructure, and access to finance. Reyes et al. (2017) offered a more comprehensive list of the business environment factors and add measures of BE elements such as taxes, labor regulation, entry and exit, along with the agglomeration environment. They conduct a global analysis while controlling for country fixed effects, offering better control of country heterogeneity. They also explore how the effects of BE variables are different depending on firms' characteristics (such as age, size) and country level of development.
The literature on the effects of pollution in Africa is less developed. Although the topic has gained attention in recent years, the scarcity of pollution data for the region had limited long-5 There are many studies on the effects of agglomeration economies on long-term growth. See for example Glaeser and Gottlieb (2009); Jones and Romer (2010) ; Clarke, Li and Xu (2016) ; Li, Long and Xu (2017) ). 4 term analysis (Petkova et al., 2013) . 6 However, some recent examples that look at air pollution in Africa exist. Roy (2016) focuses on the health effects of air pollution and some economic costs, emphasizing the simultaneous challenges the continent faces: economic development and pollution control. Kirchberger (2016) looks at the spatial links between pollution (and other disamenities) and living standards in Sub-Saharan Africa, while Bishop (2017) develops a broader approach by concentrating not only on pollution but also on the health and economic effects of climate change in general. However, to the best of our knowledge, there is no study that focuses on the links between pollution and productivity in Africa.
The contribution of our paper is twofold. First, it extends the literature, particularly the work of Reyes et al. (2017) , to focus on Africa, looking at how BE variables affect firm productivity. We follow the same approach by allowing the BE factors to affect firm growth differently for African firms than for those in the rest of the world, and then offer quantitative assessment of key factors for improving African firm growth. We offer diagnoses of hindering business environment (BE) factors for firm performance in Africa with a focus on issues related to agglomeration (or urban factors). Second, it contributes to the pollution literature by focusing on air pollution as another possible determinant of firm productivity and exploring whether its relationship with African firm performance is different, compared to the rest of the world. Although the link between pollution and productivity is well established (see Kahn et al. (2017) for a survey on this topic), this paper focuses on Africa and how air pollution is correlated to worker and firm productivity in that region.
Following Reyes et. al (2017) , we use the World Bank Enterprise Survey data set. We distinguish three different classifications for business environment (BE): Basic BE, Refined BE, and Agglomeration Environment. Basic BE is likely essential for facilitating firm growth. It consists of Basic Protection (corruption, basic property rights protection, and basic physical safety), infrastructure (power supply and modern telecom), human capital, and access to finance (such as bank finance and trade credit). Refined BE covers other BE elements that have been frequently mentioned in the literature, but perhaps less frequently mentioned than Basic BE. It includes topics such as entry and exit, labor regulations, tax burdens. The Agglomeration Environment is 6 Petkova et al. (2013) provide an overview of available studies. 5 a new category that has not been emphasized in the literature, but recent papers find it important for explaining firm performance across the world (Clarke, Li and Xu 2017) . It incorporates whether or not a firm is located in a large city, the extent to which a firm is surrounded by "capable firms", measured as the share of firms whose number of employees exceeds 50 (capacity agglomeration), and whether the firm competes with firms in the informal sector (informal competition).
When looking at air pollution, we focus on measures of particulate matter. Even though many pollutants contribute to contaminate the air, particulate matter is the one that affects human health the most. In particular, small particles, those with a diameter of 2.5 microns or less, are the most dangerous because they can travel in the blood stream and sit in the lungs, producing long lasting health consequences. 7 We use remote sensing data (van Donkelaar, 2016) and assign pollution measures to each particular firm.
Finally, in order to measure firm performance, we use the same two variables as Reyes et al. (2017) : employment growth and labor productivity growth. Employment growth corresponds to the one-year employment change, and labor productivity is measured as sales over the number of permanent employees.
Our findings can be summarized in two main points. Frist, among the business environment variables, capacity agglomeration is the only variable that shows a different effect for African firms. Capacity agglomeration (the share of firms with at least 50 employees) has a stronger positive effect in this region, increasing labor productivity growth. Second, concentration levels of PM 2.5 also have a distinct effect for African firms. The relationship between pollution and firm performance goes through three stages: negative, positive, and negative again (cubic relationship between PM 2.5 and labor productivity growth). Although, as expected, we find a range of pollution levels where the correlation with productivity is positive, it is interesting to see that pollution effects turn negative at considerably low levels of PM 2.5 (approximately 30 / 3 ).
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The rest of the paper is structured as follows. Section 2 describes the data and methodology.
Section 3 presents the analysis of how the business environment affects African firms, Section 4 does the same for pollution, and Section 5 briefly focuses on the effects of improving these key variables. Section 6 concludes and hints to some possible course of action for African cities.
Data and Methodology
Because this paper builds on Reyes, Roberts, and Xu (2017) , the main data source we use is also Table 2 .
It is worth noting that WBES data are a representative sample of the non-agricultural economic activity at the country level. Although the data are geographically stratified, this is done on a country-by-country basis, which results in no common stratification for all firms. Moreover, because the population of interest is limited to registered firms with more than 5 employees, most of these firms are clustered around the main urban centers. This could introduce some bias because more productive or fast-growing firms may be attracted to big cities. However, when estimating the model for different subsamples depending on city size, results do not show significant differences. 9
Furthermore, even though firms' geographic distribution is representative for the country, representativeness at the city level is not automatically assured. Because this paper focuses on the correlation between pollution and firm performance -at the firm level, representativeness at 7 the city level is not a concern. We choose to focus on firm productivity and employment, exploiting the variability of the data at the firm level. Even though we include a variable on capacity agglomeration, we do not intend to draw conclusions that involve the interpretation of firm agglomeration and sorting variables at the city level. The limitations of the data will become more pressing if the analysis wants to be extended at the city level. 
L-grow
One-year employment growth rate. First calculate 3-year growth rate as the change in permanent employees in 3 years divided by initial number of permanent employees. Then convert it to one-year growth rate (g1). The L-growth = 2*g1/(2+g1), which is the Haltiwanger measure of labor growth, bound by -2 and 2 to avoid the typical extreme outlier problem associated with the un-transformed g1.
lnLP The logarithm of labor productivity (LP). LP is measured as sales over the number of permanent employees. Winsorized at tail 2 percent to avoid the outlier issue.
LP-growth
The annualized (Haltiwanger) LP growth rate. The procedure is the same with L-growth except that the basic building block is LP instead of L.
TFP
Total factor productivity, estimated as the residual from industry-specific production function with log value added as the dependent variable and log capital and log labor as the independent variables. K is replacement cost of land and machine. L is the number of permanent employees plus 0.5 times the number of temporary employees.
Foreign
The share of foreign ownership of the firm.
OwnBiggest
The ownership share of the largest owner. L0 20-100 (100+)
The firm's number of employees three years ago was 20-100 (more than 100).
Age 6-10 (10+) The firm's age is between 6 and 10 years (or 10 or more years).
BigCity
The firm is located in a city of a million residents or the capital. This variable has 20.5% of missing, and to avoid loss of sample, we impute the missing with World Bank income group dummies, regional dummies (LAC, MNA, SAR, ECA, EAP, Africa), service industry dummy, size dummies (10-20 employees, 20-60 employees, 60+ employees), age dummies (firm age between 6 and 10 years old; 10 years plus).
Small
The firm is a small enterprise, that is, employing fewer than 50 employees.
Young
The firm's age is younger than 10 years.
Rich
The firm is located in a country that is below the medium GDP per capita in the sample.
Exporter
The firm is an exporter.
High-k Log of the industry average capital-labor ratio is above the medium of the industries.
lnPop1 Log(once-lagged population level) lnGDPPC1 Log(once-lagged GDP per capita in real US dollars).
lnPopDen1 Log(once-lagged population density)
XX Obstaclec City-level average of the firm's answer on whether "XX' constitutes an obstacle, ranking from 0 to 4 (with 4 being more severe obstacles). XX is one of the following: corruption, skilled labor 8 availability, labor regulation, tax rate burdens, land acquisition. The subscript c for these variables indicate that it is based on city-level average rather than a firm's answer. Overdraft Facilityc City share of firms with overdraft facility. Based on WBES calculation.
Trade Creditc City average of the proportion of total annual sales of goods and services that are paid for after delivery. Based on WBES calculation.
Inf Competititonc
City share of firms who say that they directly compete with informal firms. It is a measure of the importance of the informal sector and its competition with the formal sector. Based on WBES calculation. Outagec City share of firms that experienced a power outage in the survey year. Based on WBES.
Webc City share of firms that answer that they use websites to conduct business.
Security Costc City average of the share of a firm's sales paid for security. Based on WBES. Capacity Agglomerationc
The share of firms whose number of employees exceeding 50, as a proxy of capacity agglomeration. Computed based on sample firms. In order to include pollution measures in our analysis, we need access to the GPS location of each of the firms of the survey. Because this information is confidential, we only have access to a masked location for each firm, randomly assigned within a radius of 2km of the true firm location. Although not all firms in the WBES data set have GPS locations, comparing the distribution of the key variables between the whole sample and the sample of geo-referenced firms shows no significant differences (see Annex I for details). We have a sample of 56,977 georeferenced firms.
Originally, we have air pollution data for two pollutants, nitrogen dioxide (NO2) from NASA OMI satellite and PM 2.5, from NASA MODIS and MISR Aerosol Optical Depth. Both data sets are in raster format, with a resolution of 0.1x0.1 degrees, approximately 11km by 11km at the equator. Each pixel contains the annual mean of the corresponding pollutant. For nitrogen dioxide, the data span between 1997 and 2011, while for PM 2.5, the period is 1998 to 2015.
Because different models may differ in how they estimate the PM 2.5 surface concentration levels, we complement NASA data with PM 2.5 raster data (with the same resolution) estimated by van Donkelaar et al. (2016) . Their work uses geographically weighted regression to calibrate ground-based PM 2.5 concentration levels using satellite data and ground level data were available.
We overlay WBES masked firm locations with pollution data rasters and extract NO2 and PM PM 2.5 concentration levels vary widely across our sample (Figure 1 ). Only 30% of the firms are located in cities where PM 2.5 levels are considered safe by the WHO, i.e., PM 2.5 annual mean below 10 / 3 . Half of the firms are still exposed to low levels, around 13 / 3 , and approximately 10% of the firms are in cities with PM 2.5 concentration levels above 50 / 3 .
Moreover, the distribution is not homogenous across regions (Table 3) . High-income countries show low levels of PM 2.5, while regions like South Asia or East Asia are among the most polluted ones, with an average around 45 and maximum levels of 111 and 94 respectively. For our analysis, we follow the same approach as in Reyes et al. (2017) . Focusing on dynamic firm performance as captured by firm employment growth rate and firm labor productivity growth rate, the authors link firm growth with basic firm controls (i.e., firm size, age, foreign ownership), industry, year dummies, and of course, the BE variables. A key advantage of their specification is that they control for country fixed effects, which essentially hold constant all country-specific characteristics such as political institutions, culture, geography, size. Their identification of the impacts of the various dimensions of the BE thus comes from comparing firm performance across city-industry cells within countries. Moreover, since they capture the BE using city-industry average of firm-level response on aspects of the business environment (such as access to bank loans, trade credit, spending on security as a share of sales, specific BE aspect considered an obstacle), they have thousands of unique values of the BE variables, and thus effectively circumvent the serious multicollinearity issue embedded in cross-country studies of the BE effects. To avoid outlier issues when using growth rates, we use the same approach as in Reyes et al. (2017) . 10 We also cluster the standard errors at the city level.
We focus on two main concerns: how does the business environment affect African firms, and how air pollution is correlated with firm productivity. To answer the first question, we allow the BE effects to differ for African firms and firms in the rest of the world, and see what implications emerged from the investigation. To aid interpretation, we show that there is no strong evidence of sorting along city size in our sample. For the second question, we introduce PM 2.5 measures of air pollution as another determinant of firm productivity and look at the effects on employment and labor productivity. When following this strategy for the whole world, we expect to find lower employment growth and labor productivity growth rates for firms with higher PM 2.5 concentration levels. We then focus only on a subsample of African firms. Because there is not enough variability of pollution data at the country level, we do not control for country fixed effects in this last specification.
We estimate an equation of the form:
where , , , , index firms, countries, cities, industries, and year, respectively. is a vector of firm level controls, such as, age, size, type of ownership, is a vector of underlying 10 From Reyes et a. (2017): "… we follow Davis and Haltiwanger (1999) by calculating mid-point growth rates by dividing the change in employment (or labor productivity) between the survey year and three years earlier by the simple average of employment (or labor productivity) in the beginning and ending years. This bounds the resulting growth rate between -2 and +2, thereby significantly reducing the influence of outliers".
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BE effects at the city-level, and is a vector with the corresponding pollution measure. We also control by country and year dummies.
The problem when trying to correctly identify the effects of pollution on labor productivity and employment, is that pollution is usually accompanied by other variables that can bias the estimates. For example, pollution may be accompanied by economic growth that can also impact firm performance. Another possible bias may come from the fact that workers and firms may respond to pollution by adjusting their behavior, and through that mitigate the effect that pollution would otherwise have on their productivity levels. They may adopt some measures that could include the use of individual masks, or using air filters, or even decisions to relocate. The data at hand limit our ability to control for all these variables and restrict the conclusions we can draw from this analysis. Hence, we do not claim that the effects of pollution on labor productivity and employment are well identified, but instead, this work makes an effort to effectively track the evolution of these two connected variables and see how their correlation differs for Africa with respect to other regions.
Moreover, as mentioned by Graff-Zivin and Nediell (2012), estimating the effect of pollution on worker productivity could be challenging due to two main reasons. First, measures of output per worker usually do not isolate worker productivity from other inputs. Second, exposure to pollution is often endogenous. For example, there maybe be sorting of high productivity-high income workers in less polluted cities (Banzhaf and Walsh, 2008) . Moreover, even if exposure to pollution is exogenous, some workers may decide on how much exposure they get (by changing shifts, for example) making exposure still endogenous (Neidell, 2009) . With these restrictions in mind, we use labor productivity as a measure of firm performance and look at the correlation between pollution and labor productivity. Measuring individual worker productivity and estimating the marginal effects of pollution exceeds the scope of this paper.
Allowing Africa-Specific Business Environment Effects
We look at how BE effects are different for African cities. We report the specification in which the Africa dummy is interacted with our key business environment (BE) variables. To report a parsimonious specification and to avoid multicollinearity, we first interact the Africa dummy 14 with all BE variables that are statistically significant in at least one of the two outcome regressions. We then drop those African-interaction terms, and re-run. We continue this process so that we keep only the African interaction terms that are significant in at least one of the two outcome regressions. In the end, only Capacity Agglomeration has a significant interaction term with the Africa dummy. Table 4 only presents the results of this iteration. Adj. R squared 0.131 0.286 *, ** represent statistical significance at the 5 and 1 percent levels. Heteroskedasticity-corrected standard errors clustered at the city level. Other controls include year dummies, missing dummy for BE variables, and base controls Capacity agglomeration had much more positive association with labor productivity growth only in African cities. One standard deviation increase (0.12) is associated with a labor productivity growth increase of almost 2 percentage points, a considerably large effect. In other regions, the coefficient is not statistically significant, showing there is no association between capacity agglomeration and labor productivity growth. This is suggestive evidence that capacity agglomeration is a key issue for Africa. Moreover, compared to other regions, Africa shows the lowest level of capacity agglomeration (Table 5) . As an additional exercise, we look at how BE effects differ by city size of a firm's location and explore whether there are sorting effects of firms across cities. Sorting effects can be present for different reasons as specific characteristics of cities may attract certain types of firms. For example, big cities could provide better infrastructure and access to finance. They also usually provide better amenities that can attract more technologically-advantaged firms and access to better education that could impact workers' qualifications.
To investigate how BE effects differ by city size of a firm's location, we interact the dummy variable of whether the firm is located in a city of more than a million residents with the BE variables. 11 To reduce multicollinearity, we drop those interaction terms that are statistically insignificant in both employment growth (L-growth) and labor productivity growth (LP-growth) regressions (Table 6 ). After controlling for country dummies, the coefficient that relates the high-tech dummy with the
In Big City dummy clearly shows that there is no statistically significant correlation between the high-tech status and In Big City (Table 7) . 
Pollution Effects on Firm Productivity
We now move our focus to the second question: is firm performance affected by air pollution? Following a similar strategy, we estimate the effect of PM 2.5 on employment growth and labor productivity growth. As mentioned earlier, because location data are missing for some of the firms, we restrict our sample to only those firms for which we have location and PM 2.5 concentration values. Additionally, data on PM 2.5 from van Donkelaar have better coverage than PM 2.5 obtained from NASA directly, so we opt to use the first one.
We explore different model specifications and present the results of the model that better fits the data. Globally, pollution seems to be associated with employment growth positively and 18 linearly, while for labor productivity growth a quadratic specification fits the data better.
Intuitively, on the one hand, we expect labor productivity to grow at the beginning, until a certain point, beyond which higher levels of pollution will start leading to declining values of labor productivity. On the other hand, the positive linear relationship between pollution and employment growth may indicate that firms will always try to hire more employees, even while pollution levels are rising. Since we find that productivity decreases while pollution increases (after a certain point) this positive relationship between pollution and employment growth is not surprising. Firms need to hire more employees to achieve similar production levels. When focusing on African firms, however, we find that a cubic specification of pollution fits better, for both dependent variables.
When looking at the effect of pollution on firm performance around the world, we find that results differ for employment growth versus labor productivity growth (Table 8) . Because PM 2.5 and employment growth are linearly correlated, we only see constant effects. As expected, the effect is negative (-0.0002 ). An increase of PM 2.5 in 10 units, is associated with a reduction in employment growth of 0.2%. This effect appears to be constant over time, which implies considerably big effects for firms in cities experiencing high levels of pollution. For example, in China and India, firms in cities like Chengdu or Bihar are exposed to pollution levels above 90 Adj. R squared 0.111 0.289 × , *, ** represent statistical significance at the 10, 5, and 1 percent levels. Heteroskedasticity-corrected standard errors clustered at the city level.
Other controls include year dummies, missing dummy for BE variables, and base controls.
The relationship between PM 2.5 and labor productivity, on the contrary, appears to be nonlinear. The effect is positive (0.003) at low levels of pollution, although decreasing as pollution levels rise (-0.00002). The intuition behind this result is that lower levels of this pollutant may identify an area in the earlier stages of development. There, the negative effects of pollution on productivity are offset by the positive effects of growth. As the level of pollution rises, the negative effects are more notable and start to show a negative correlation with labor productivity. 13 The next step is to analyze whether this correlation between air pollution and firm performance is different (or stronger) for African firms. To do this, we limit our sample to only African firms, and run our analysis. A cubic specification helps explain the relationship between pollution and both dependent variables better. We show these results in Table 9 . Adj. R squared 0.167 0.484 × , *, ** represent statistical significance at the 10, 5, and 1 percent levels. Heteroskedasticity-corrected standard errors clustered at the city level.
These results shed some light on how pollution correlates with productivity for African firms differently. Since the relationship appears to be cubic, the effect of pollution on employment growth and labor productivity growth differ depending on the level of pollution. At low levels of pollution, the effect on both dependent variables is negative (-0.009 and -0.083, respectively) .
Because the quadratic term is positive, these negative effects will have less impact as pollution levels rise, turning into positive effects. The negative cubic coefficients show that after a certain point, pollution will again have a negative effect on employment and labor productivity growth.
The effects on both dependent variables are similar. In terms of employment growth, African firms experience negative effects of pollution at extremely low levels of PM 2.5, approximately until 8 / 3 . At these levels, African firms may not be experiencing enough of the positive benefits from growth needed to offset the negative effects of pollution. From there, the effects of pollution increase for higher levels of PM 2.5, until approximately 26 / 3 , where the effects turn negative again. For labor productivity growth, the effects are negative for PM 2.5 levels below 13 / 3 . From that level until approximately 32 / 3 , the effect of pollution is positive, again, as a consequence of the positive effects of growth offsetting the negative pollution effects. After that, the effect of pollution on labor productivity growth is negative again.
Pollution then has negative effects on employment growth sooner than on labor productivity growth.
As a robustness check, we run the same regression using a spline specification for the pollution variable. Splines allow for more flexibility in the relationship between the variables being considered -in this case, pollution and firm performance, and reduce model misspecification. We follow Harrel (2010) and choose four knots at specific quantiles of the independent variable. 14 While overall results are consistent with our previous findings and our final conclusions still hold, the significance of the coefficient of the first spline is slightly reduced.
For a full characterization of these robustness checks see Annex II.
Gains from Improving the Business Environment and Pollution
To shed light on what African countries can do to facilitate firm growth, we conduct some back of the envelope calculation of potential gains from improving key BE variables relevant to Africa and managing PM 2.5 levels. For the BE variables, we only report those "policy instruments" that proved to be statistically significant for either employment growth or labor productivity growth for the African countries.
We conduct the following thought experiment. Using the Africa-specific coefficients of BE variables, if a key BE element improves by one standard deviation (i.e., increase by one standard deviation for "good" BE elements and reduce by one standard deviation for "bad" BE elements), what percentage of the standard deviation of the outcome in Africa can be expected to change (assuming causality). The results are in Table 10 .
Table 10. Potential Growth Effects of Improving Key Policy Instruments for African Firm
Here, we only report those "policy instruments" with the following characteristics. First, the instrument must be statistically significant for the specific growth result for the African countries. Second, the instrument must be something that the government might be able to do something. Corruption Obstacles -0. The most important BE element is clearly capacity agglomeration. Increasing it by one African standard deviation is associated with an increase in African employment growth and labor productivity growth standard deviations by 5.6 and 4.9 percent, respectively. This is the largest positive association we observe in all BE variables. Relatedly, improving Informal Competition by one standard deviation is associated with increasing 1.6 percent of labor growth standard deviations.
As a group, improving Basic BE is clearly important. First, improving corruption obstacles by one African standard deviation is associated with higher employment growth by slightly less than 3 percent of one employment growth standard deviation. Second, improving modern infrastructure (i.e., Web Intensity) by one African standard deviation is associated with increasing employment growth and labor productivity growth standard deviations by 1.9% and 1.5%, respectively. The effects are thus also potentially large. Finally, access to finance appears to be an important area to work on. Improving access to bank finance by one African standard deviation is associated with increasing 2.7% of one employment growth standard deviation, and 1.9% of one labor productivity growth standard deviation. Similarly, improving trade credit by one African standard deviation is associated with increasing 1.2% of one labor productivity growth standard deviation. Here, we only report those "policy instruments" with the following characteristics. First, the instrument must be statistically significant for the specific growth result for the African countries. Second, the instrument must be something that the government might be able to do something. The impact is even more shocking when looking at pollution levels (Table 11 ). After relatively low PM 2.5 concentration levels, the effects turn negative, with a huge impact on both, employment growth and labor productivity growth. For example, at 40 / 3 , a reduction in one standard deviation of PM 2.5, approximately 8 units, is associated with an increase in employment growth in 93% of its standard deviation (0.172), for African firms. This huge effect translates in an increase of 16.03% in employment growth rate. At the mean level, the annual employment growth rate in Africa will go from 4.1% to 20.1%. For labor productivity, the same exercise yields an increase in labor productivity growth of 38.63 percentage points, which at the mean translates in a positive growth rate of 32.8%.
Conclusions
In this paper, we shed some light on how air pollution and business environment affect city competitiveness through firm performance, particularly for African firms. We measure firm performance with two variables, employment growth and labor productivity growth. We use 24 firm-level data from the World Bank Enterprise Survey and combine it with PM 2.5 data estimated by van Donkelaar et al. (2016) (based on NASA MODIS and MIRS satellite data). We perform the analysis at the global level and then focus on how these effects are different for African firms.
When compared to the rest of the world, African firms experience different effects in terms of pollution. While a global analysis shows that the association between pollution and labor productivity is positive in the beginning and negative as pollution rises (quadratic), African firms experience a different story. PM 2.5 levels are negatively associated with labor productivity for these firms at low levels of pollution. Between approximately 8 / 3 and 25 / 3 , the effects turn positive, showing that as pollution and growth rise, the positive effect from growth offsets the negative effects of pollution. After a not so high level of pollution (an annual average equal to 25 / 3 ) its effects on employment and labor productivity growth are negative again.
The fact that African cities are growing fast but PM 2.5 levels have not yet reached the high levels experienced in places like China and India, poses an opportunity to plan ahead and avoid the mistake of not accounting for the negative effects associated with fast and unplanned growth. PM 2.5 has a negative effect on firm performance at levels that are not as high as the ones that these countries are currently experiencing. Pollution management is crucial to tackle the problem before it gets more serious. African cities could benefit from the examples we see now in cities that have experienced fast growth.
Looking at business environment and the effects on firm performance, we find that the only variable that affects African firms differently is capacity agglomeration. The effect of capacity agglomeration on labor productivity growth is stronger for firms in this region. An increase of 0.12 percentage points in capacity agglomeration results in an increase of almost 2 percentage points in labor productivity growth. There is no evidence of sorting of firms in big cities and most BE environment variables appear to have similar effects, regardless of the city size. This suggests that the stronger effect of capacity agglomeration for African firms is not clouded by sorting of firms or city size.
These results suggest that African firms face a few different challenges compared to firms in other regions. Moreover, addressing these problems could be key in pushing economic growth 25 for the region, as many African countries are in early stages of development. Cities in Africa are urbanizing fast, trying to lift the population out of poverty. Managing pollution and improving the business environment could help their firms improve their performance and will certainly help African cities become more competitive.
Annex II
As a robustness check, we re-run the regression for African firms using splines, finding the following results. Adj. R squared 0.168 0.483 × , *, ** represent statistical significance at the 10, 5, and 1 percent levels. Heteroskedasticity-corrected standard errors clustered at the city level. Other controls include year dummies, missing dummy for BE variables, and base controls.
